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(57) ABSTRACT 

A fiber optic sensing system comprises a housing disposed in 
a flow path, and a fiber optic sensor. The fiber optic sensor 
comprises an optical fiber secured in the housing, a Bragg 
grating, a light source for transmitting light to the optical 
fiber, and a detector for detecting light filtered by the Bragg 
grating of the optical fiber and monitoring wavelength 
changes of the detected light. The fiber is substantially per 
pendicular to the flow path. The housing defines an opening at 
an upstream side to allow flow through the flow path to exert 
a pressure on the optical fiber and cause a deformation of the 
Bragg grating. 
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FIBER OPTIC SENSING SYSTEM 

BACKGROUND 

The invention relates generally to sensing technologies 
and, more particularly, to fiber optic sensing devices. 

Various sensing devices are known for measuring fluid or 
gas flow parameters such as flow Velocity, pressure, tempera 
ture, mass flow, and the like. However, for flow measurement 
through passages that are difficult to access, such as cooling 
flows or leakage flow through seals, conventional sensing 
devices are relatively complex to implement. 

It would be desirable to have an improved sensing device 
with a relatively small size. 

BRIEF DESCRIPTION 

Inaccordance with an embodiment disclosed herein, a fiber 
optic sensing system is provided. The fiber optic sensing 
system comprises a housing disposed in a flow path, and a 
fiber optic sensor. The fiber optic sensor comprises an optical 
fibersecured in the housing, a Bragg grating, a light source for 
transmitting light to the optical fiber, and a detector for detect 
ing light filtered by the Bragg grating of the optical fiber and 
monitoring wavelength changes of the detected light. The 
fiber is substantially perpendicular to the flow path. The hous 
ing defines an opening at an upstream side to allow flow 
through the flow path to exert a pressure on the optical fiber 
and cause a deformation of the Bragg grating. 

In accordance with another embodiment disclosed herein, 
a fiber optic sensing system is provided. The fiber optic sens 
ing system comprises a housing disposed in a flow path, and 
a fiber optic sensor. The fiber optic sensor comprises an opti 
cal fiber secured in the housing. The optic fiber is substan 
tially perpendicular to the flow path, and comprises a first 
section including a first Bragg grating for measurement of a 
differential pressure within the flow path, a second section 
including a second Bragg grating for measurement of a total 
pressure within the flow path, and a third section including a 
third Bragg grating for measurement of a temperature within 
the flow path. The fiber optic sensor further comprises a light 
Source for transmitting light through the fiber, and a detector 
for detecting light filtered by the Bragg gratings of the optical 
fiber and monitoring wavelength changes of the detected 
light. 

DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 is a cross-sectional view of a fiber optic sensing 
system for measuring a differential pressure of a flow accord 
ing to one embodiment of the invention. 

FIG. 2 illustrates a wavelength change of Bragg grating due 
to a pressure exerted on a fiber. 

FIG. 3 is a cross-sectional view of a fiber optic sensing 
system for measuring differential pressure and static pressure 
of the flow according to another embodiment of the invention. 

FIG. 4 is an enlarged view illustrating reflection and trans 
mission of light in a cavity in the fiber optic sensing system of 
FIG. 3. 

FIG. 5 is a cross-sectional view of a fiber optic sensing 
system for measuring total pressure and static pressure of the 
flow according to still another embodiment of the invention. 
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2 
FIG. 6 is a cross-sectional view of a fiber optic sensing 

system for measuring flow direction and total pressure of the 
flow according to still another embodiment of the invention. 

FIG. 7 is a cross-sectional view of the fiber optic sensing 
system along line 7-7 of FIG. 6. 

FIG. 8 is a side view of a fiber optic sensing system for 
measuring total pressure, differential pressure, and tempera 
ture of the flow according to still another embodiment of the 
invention. 

FIG. 9 is a cross-sectional view along line 9-9 of FIG. 8. 
FIG.10 illustrates wavelength changes of three Bragg grat 

ings respectively due changes of total pressure, differential 
pressure, and temperature of the flow through embodiments 
of FIGS. 8 and 9. 

DETAILED DESCRIPTION 

Embodiments of the invention disclose fiber optic sensing 
systems for measurements of fluid (liquid orgas) flow param 
eters. The fiber optic sensing systems include fiber optic 
sensors, each of which has a Bragg grating. By monitoring 
changes of wavelength in detected light, differential pressure, 
static pressure, flow velocity, and/or temperature of the flow 
can be measured. For purposes of simplicity of description, 
common elements across different embodiments share the 
same reference numbers. 

FIG. 1 illustrates a fiber optic sensing system 10 compris 
ing a housing 14 disposed in a flow path 12 and a fiber optic 
sensor 16. Fiber optic sensor 16 comprises an optical fiber 28 
secured in the housing 14 and has a Bragg grating 36 thereon. 
Fiber 28 is substantially perpendicular to the flow path, and 
housing 14 defines an opening at the upstream side to allow 
flow through the flow path to exert a pressure on fiber 14 and 
cause a deformation of Bragg grating 36. Fiber optic sensor 
16 further comprises a light source 38 for transmitting light 
through fiber 28 and a detector 39 for detecting light filtered 
by the Bragg grating of the optical fiber and monitoring 
wavelength changes of the detected light. 

FIG. 1 further illustrates an exemplary fiber optic sensing 
system 10 for measuring differential pressure in flow path 12. 
Flow of fluid through flow path 12 is generally in a flow 
direction D, and accordingly, as used herein after, the term 
“downstream” and “upstream” are both defined with respect 
to the flow direction D. In the embodiment of FIG. 1, housing 
14 includes a substantially right-angled tunnel 18 with an 
upstream channel 20 in the flow direction D and a down 
stream channel 22 substantially perpendicular to the flow 
direction D. Upstream and downstream channels 20 and 22 
respectively include an upstream opening 24 in a front Surface 
of housing 14 and a downstream opening 26 in a bottom 
surface of housing 14. In the embodiment of FIG. 1, fiber 
optic sensor 16 includes an optical fiber 28 situated generally 
perpendicular to the flow direction D, with upper and lower 
ends secured and sealed in housing 14 Such that the fiber ends 
are not in contact with flow path 12. Fiber 28 includes a core 
27 and an outer layer 29 surrounding core 27, and a middle 
portion 30 of fiber 28 is situated in upstream channel 22 and 
adjacent to downstream channel 24. 

Fluid thus flows into tunnel 18 from upstream opening 24 
and out of tunnel 18 from downstream opening 26 with 
middle portion 30 of fiber 28 having one side 32 related by a 
total pressure Pt of the fluid flow and another side 34 subject 
to a static pressure Ps of the fluid flow. The total pressure Pt 
and static pressure Ps exerted on fiber 28 due to flow 12 is 
subject to Bernoulli’s equation: 
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wherein “Pd is a dynamic pressure or differential pressure 
which is proportional to the square of flow Velocity according 
to the following equation: 

1 P = pu, 

wherein p is the fluid density in kg/m and u is the fluid 
velocity in ms. Accordingly, deflection of fiber 28 is pro 
portional to the differential pressure Pd, and in turn is an 
indication of flow velocity u. 

With continued reference to FIG. 1, fiber optic sensor 16 
further includes a Bragg grating 36 in fiber 28, a light Source 
38 for emitting light to fiber 28, and a detector 39 receiving 
light reflected from Bragg grating 36. In one embodiment, 
Bragg grating 36 comprises a distributed, periodic grating in 
the middle portion 30 of fiber 28, while in another embodi 
ment, Bragg grating 36 is situated below or above the middle 
portion 30 in fiber 28. Light source 38 may comprise, for 
example, a tunable laser, an LED, a laser diode, or any other 
quasi-monochromatic Source, which can be scanned through 
a range of wavelengths, typically 1400 to 1500 nanometers. 

Bragg grating 36 may beformed on fiber 28 by any method 
known in the art, and in one example, such fabrication 
includes use of an interference pattern of ultraviolet light to 
create a permanent modulation of refractive index. When 
light from light source 38 is transmitted through fiber 28 to 
Bragg grating 36, light energy is reflected by the Bragg grat 
ing at a corresponding Bragg wavelength given by the fol 
lowing equation: 

WB-2nera, 
wherein “a” represents the Bragg wavelength, “n” is the 
index of refraction, and “A” is the period of the grating. Both 
the index of refraction, n, and the period, A, of the grating 36 
are functions of temperature and strain. Thus, the differential 
pressure Pd exerted on the Bragg grating 36 induces a strain 
on 36 that leads to changes of the Bragg wavelength of the 
reflected light. 
As shown in FIG. 2, a waveform in solid line is the original 

wavelength w without pressure exerted perpendicularly on 
fiber 28, and a waveform in phantom line is the shifted wave 
length caused by a differential pressure Pd. Accordingly, by 
correlating the shift Aw of the Bragg wavelength with the 
differential pressure Pd, the differential pressure Pd can thus 
be obtained by monitoring the Bragg wavelength shifting AW. 
Fiber optic sensors are useful as being relatively small in size 
and sensitive to strains. Thus the fiber optic sensing system 10 
can be used in flow areas that are difficult to access. Such as 
cooling flows or leakage flows through seals in a gas turbine 
machine. 

FIG.3 shows a fiber optic sensing system 40 according to 
another embodiment of the invention for measurement of 
both differential pressure Pd and static pressure Ps wherein a 
fiber optic sensor 42 comprises a Fabry-Perot optic sensor 
including a dielectric membrane 44 secured at a lower end 
portion of housing 14 and below fiber 28. Fiber 28 includes a 
lower end 46. Membrane 44 includes an inner surface 47 
facing fiber 28, and an outer surface 49 exposed to flow path 
12 and subject to static pressure Ps. A cavity 48, with a 
distanced, is formed between lower end 46 of fiber 28 and 
inner surface 47 of membrane 44. 

Referring to FIG. 4, light from light source 38 (FIG. 3) 
transmits through fiber 28 and is partially beamed into cavity 
48. The lower end of fiber 28 and membrane 44 respectively 
have reflective indexes n and n, and, in one embodiment, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
n=n. Cavity 48 has a reflective index n which is different 
from reflective indices n and n. The light beamed in cavity 
48 includes a reflective light component 50 that reflects 
between lower end 46 of fiber 28 and membrane 44 in cavity 
48, and a transmitted light component 52 transmitted out of 
cavity 48 through lower end 46 of fiber 28 and received by 
detector 38. Assuming normal reflection conditions, the 
transmitted light component 52 does not further interact with 
cavity 48. Outer surface 49 of membrane 44 is exposed to the 
static pressure PS to be measured. An increase in the static 
pressure Ps causes membrane 44 to be deflected towards 
cavity 48. Inner Surface of membrane 44 is curved as conse 
quence of a pressure increase so that the angle of reflection for 
the light reflected on the inside surface of membrane 44 is 
changed. The intensity of the light reaching detector 38 rela 
tive to the intensity of the light in cavity 48 is correlated with 
the pressure (static pressure Ps) acting on the outer surface 49 
of the membrane 44. Accordingly, by measuring the intensity 
light from cavity 48, the static pressure Ps can be measured. 

FIG. 5 illustrates a fiber optic sensing system 60 according 
to another embodiment of the invention for measuring both 
total pressure Pt and static pressure Ps within flow path 12. 
The illustrated fiber optic sensing system 60 includes a lon 
gitudinal housing 64 with a central slot 66 therein, and fiber 
optic sensor 62 secured in central slot 66 of housing 64. Fiber 
optic sensor 62 has a similar configuration with fiber optic 
sensor 42 of FIG.3, and has fiber 28 secured in central slot 66 
of housing 64, Bragg grating 36 in fiber 28, a membrane 44 
below a lower end 46 of fiber 28, and a cavity 48 between 
lower end 46 and membrane 44. 

Housing 64 is disposed in flow path 12 in a direction 
substantially perpendicular to flow direction D. Housing 64 
has an upstream opening 68 through an upstream side thereof 
in communication with central slot 66. Total pressure Pt 
exerts on fiber 28 through opening 68, and causes a deforma 
tion of fiber 28, and, in turn, causes wavelength shifting of 
light through Bragg grating 36 as discussed above. By moni 
toring wavelength shifting of Bragg grating 36, total pressure 
Pt of flow 12 can be obtained. In certain embodiments, fiber 
optic sensing system 60 further comprises a sealing mem 
brane 67 for preventing flow 12 to flow into central slot 66 
through opening 68 but for passingtotal pressure Ptofflow 12 
to fiber 28. In certain embodiments, a groove 69 is defined in 
fiber 28 adjacent to a downstream side of fiber 28 to allow a 
deformation of fiber 28 under total pressure Pt. 
Membrane 44 is secured to a lower end of housing 64 and 

Subject to static pressure Ps. As discussed above, change of 
distanced of cavity 48 causes intensity change of cavity 48 
which is correlated to the static pressure Ps. Accordingly, by 
monitoring intensity change of cavity 48, static pressure Ps of 
flow 12 can be obtained. 

FIGS. 6 and 7 illustrate a fiber optic sensing system 70 
according to another embodiment of the invention for mea 
suring flow direction and total pressure Pt of flow 12. Refer 
ring to FIG. 6, fiber optic sensing system 70 includes a fiber 
optic sensor 71 and a housing 72 to hold fiber optic sensor 71. 
In one embodiment, fiber optic sensor 71 includes at least 
three fibers including first, second, and third fibers 73,74, and 
75. In one embodiment, housing 72 has an isosceles triangu 
lar cross section with a tip of the isosceles triangle generally 
confronting flow through flow path 12 and two sides sym 
metrically distributed with respect to the general flow direc 
tion. A first opening 76 is defined in the tip of housing 72, and 
second and third openings 77 and 78 are symmetrically dis 
tributed on the two sides. First, second, and third fibers 73,74, 
and 75 are secured in housing 72 and respectively each have 
a portion exposed in first, second and third openings 76, 77. 
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and 78. In other embodiments, the housing may have a 
polygonal cross section with an odd number of sides. The 
flow is incident onto the sensor mounted in a tip of the poly 
gon through flow path 12. At least one pair of sides is sym 
metrically distributed with respect to the general flow direc 
tion and each side defines an opening. In still another 
embodiment, housing 72 may have other cross-sectional 
shapes. First, second and third fibers 73,74 and 75 each have 
a measurement plane exposed to openings 76, 77 and 78, and 
orientation of the measurement planes are angled to one other. 

Each of the fibers 73, 74, and 75 includes a Bragg grating 
36. In some embodiments, each Bragg grating 36 is the same. 
Referring to the description above with respect to FIG. 5, each 
of the fibers 73, 74, and 75 deforms due to the flow of fluid 
through flow path 12. When flow is exactly in flow direction 
D, then the wavelength of light transmitted or reflected from 
Bragg grating 36 in first fiber 73 is an indication of total 
pressure Pt, while pressures impacting by Bragg grating 36 of 
second and third fibers 74 and 75 are less than the total 
pressure, and result in the same wavelength shift. When the 
flow direction changes, there will be a decrease on the sensed 
total pressure that impacts Bragg grating 36 of first fiber 73, 
and pressures sensed by second and third fibers 74 and 75 
change. By prior calibration and construction of a look up 
table, for example, the flow direction and total pressure can be 
deduced. In one embodiment, fiber optic sensor 71 further 
comprises a controller 79 (FIG. 7) for receiving signals from 
detector 39 and estimating the flow direction. In another 
embodiment, the controller 79 is embedded within detector 
39 such that detector 39 performs the estimation function. In 
still another embodiment, the velocity and its direction can be 
determined by means of an algorithm developed during cali 
bration of the fiber optic sensor 71, which may be imple 
mented on a computer, or on a similar data acquisition sys 
tem. 

Referring to FIG.7, which illustrates a cross sectional view 
along line 7-7 of FIG. 6, in one embodiment, a sealing mem 
brane 67 is provided between first fiber 73 and first opening 
76 for preventing flow 12 to flow into housing 72 through first 
opening 76 but permitting pressure of flow 12 to reach first 
fiber 73. In certain embodiments, opening 76 is situated so as 
to not be adjacent to Bragg grating 36 of first fiber 73 in order 
to protect Bragg grating 36 from being damaged. In one 
embodiment, groove 69 is provided in downstream direction 
with respect to Bragg grating 36 to allow a sufficient defor 
mation of first fiber 73 under pressure of flow 12. In certain 
embodiments, housing 72 has similar arrangement for hold 
ing the second and third fibers 74 and 75 as that for first fiber 
73 of FIG. T. 

FIGS. 8 and 9 illustrate a fiber optic sensing system 80 
according to another embodiment of the invention for mea 
Suring total pressure Pt, differential pressure Ps, and tempera 
ture within flow path 12. Fiber optic sensing system 80 
includes a fiber 82, a housing 84 holding fiber 82, and first, 
second, and third Bragg gratings 86, 87, and 88 in fiber 82 for 
respectively measuring differential pressure Pd, total pres 
Sure Pt, and temperature. In one embodiment, Bragg gratings 
86,87, and 88 are in one common fiber 82. Referring to FIGS. 
8 and 9, housing 84 is disposed in flow path 12 and is arranged 
in a manner that fiber 82 retained in housing 84 in a direction 
substantially perpendicular to the flow direction. Fiber 82 
includes first, second, and third sections 90, 91, and 92 
respectively holding first, second, and third Bragg gratings 
86, 87 and 88. Housing 84 includes a side through hole 94 
generally in the flow direction and adjacent to first section 90 
offiber 82. Flow from flow path 12 partially flows through the 
through hole 94. Accordingly, differential pressure Pd causes 
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6 
a strain on the first section 90 offiber 92 to deform towards the 
downstream direction. Wavelength changes from the first 
Bragg grating 86 are correlated to differential pressure Pd of 
flow 12. By monitoring wavelength changes of first Bragg 
grating 86, the differential pressure Pd can be obtained. In 
certain embodiments, Bragg grating 86 is situated lower or 
higher than through hole 94 to protect Bragg grating 86 from 
being damaged. In one embodiment, a groove 100 is provided 
at a downstream side of Bragg grating 86 to allow a sufficient 
deformation of first section 90 under differential pressure of 
the flow. 

Housing 84 defines a side opening 96 adjacent to second 
section 91 of fiber 28. Sealing membrane 67 is provided 
between fiber 82 and side opening 96 for preventing flow 12 
to flow into housing 84 through side opening 96 but can pass 
total pressure of flow 12 to second section 91 of fiber 82. 
Accordingly, second section 94 of fiber 28 is subject to total 
pressure Pt offlow 12, and thus wavelength change of second 
Bragg grating 87 is correlated to total pressure Pt of flow 12. 
By monitoring wavelength changes of second Bragg grating 
87, the total pressure Pt of flow 12 can be obtained. 

In certain embodiments, first and second sections 90 and 91 
respectively have upper and lower ends secured to housing 87 
with Supports, and thus deflection of first and second sections 
90 and 91 will not transfer to each other. 
When temperature of third Bragg grating 88 has an 

increase AT, the Bragg wavelength of third Bragg grating 88 
shifts toward a longer wavelength due to thermal expansion 
effects on refractive index modulation and the grating period 
of third Bragg grating 88. Thus, the temperature change 
within flow path 12 can be monitored by monitoring wave 
length shifting of third Bragg grating 88. Housing 84 defines 
a cavity 98, and Bragg grating 88 in cavity 98 is sensitive to 
temperature change. In one embodiment, a rigid cover 102 is 
disposed in cavity 98 to further isolate any pressure from flow 
path 12 from impacting third section 92 of fiber 82. 

In certain embodiments, wavelength changes on the first 
and second Bragg gratings 86 and 87 due to the temperature 
variations in the flow will be further calibrated based on the 
measurements of the third Bragg gratings 88. 

Referring to FIG. 10, in one embodiment, first, second and 
third sets of Bragg gratings 86, 87 and 88 have different 
reflection spectrum and will reflect at different wavelengths 
W. W. and W. Thus detector 39 receives all three wave 
lengths W. W.2 and was of first, second and third gratings 86. 
87 and 88, and monitors changes therein respectively. 

Unless defined otherwise, technical and scientific terms 
used herein have the same meaning as is commonly under 
stood by one of skill in the art to which this invention belongs. 
The terms “first', 'second, and the like, as used herein do not 
denote any order, quantity, or importance, but rather are used 
to distinguish one element from another. Also, the terms “a” 
and “an do not denote a limitation of quantity, but rather 
denote the presence of at least one of the referenced items, and 
terms such as “front”, “back”, “bottom', and/or “top”, unless 
otherwise noted, are merely used for convenience of descrip 
tion, and are not limited to any one position or spatial orien 
tation. 

While the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment 
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disclosed as the best mode contemplated for carrying out this 
invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 

It is to be understood that not necessarily all such objects or 
advantages described above may be achieved in accordance 
with any particular embodiment. Thus, for example, those 
skilled in the art will recognize that the systems and tech 
niques described herein may be embodied or carried out in a 
manner that achieves or optimizes one advantage or group of 
advantages as taught herein without necessarily achieving 
other objects or advantages as may be taught or Suggested 
herein. 

Furthermore, the skilled artisan will recognize the inter 
changeability of various features from different embodi 
ments. The various features described, as well as other known 
equivalents for each feature, can be mixed and matched by 
one of ordinary skill in this art to construct additional systems 
and techniques in accordance with principles of this disclo 
SUC. 

The invention claimed is: 
1. A fiber optic sensing system comprising: 
a housing disposed in a flow path; and 
a fiber optic sensor comprising: 
an optical fiber secured in the housing and comprising a 

Bragg grating, the fiber being Substantially perpendicu 
lar to the flow path, wherein the housing defines an 
opening at an upstream side to allow flow through the 
flow path to exert a pressure on the optical fiber and 
cause a deformation of the Bragg grating; 

a light Source for transmitting light to the optical fiber, and 
a detector for detecting light filtered by the Bragg grating of 
the optical fiber and monitoring wavelength changes of the 
detected light, wherein the housing comprises a Substantially 
right-angled tunnel with an upstream channel in an initial 
flow direction of the flow path and a downstream channel 
Substantially perpendicular to the upstream channel and hav 
ing a downstream opening at a downstream end thereof. 

2. The fiber optic sensing system according to claim 1, 
wherein the fiber is disposed in the upstream channel, with 
one side subject to a total pressure of the flow, and another 
side subject to a static pressure of flow. 

3. The fiber optic sensing system according to claim 2, 
wherein the fiber optic sensor further comprises a membrane 
secured to the housing and facing an end of the fiber with a 
cavity being defined in the housing between the membrane 
and the end of the fiber, and wherein the membrane is subject 
to the static pressure. 

4. The fiber optic sensing system according to claim 1, 
wherein the Bragg grating is situated downstream of the 
opening. 

5. A fiber optic sensing system comprising: 
a housing disposed in a flow path; and 
a fiber optic sensor comprising: 
an optical fiber secured in the housing and comprising a 

Bragg grating, the fiber being Substantially perpendicu 
lar to the flow path, wherein the housing defines an 
opening at an upstream side to allow flow through the 
flow path to exert a pressure on the optical fiber and 
cause a deformation of the Bragg grating; 

a light Source for transmitting light to the optical fiber, and 
a detector for detecting light filtered by the Bragg grating of 
the optical fiber and monitoring wavelength changes of the 
detected light, 
wherein the housing has a polygonal cross section, a tip of the 
polygonal cross section being generally directly facing the 
flow path, and at least one pair of sides, 
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wherein the housing has a triangular cross section with a tip of 
the triangle Substantially facing the flow path and pair of 
sides, and wherein first, second and third openings are defined 
in the tip and the pair of sides. 

6. The fiber optic sensing system according to claim 5. 
wherein the fiber includes a first, a second and a third fiber 
respectively have a portion facing the first, second and third 
openings. 

7. The fiber optic sensing system according to claim 6. 
wherein the fiber optic sensor further comprises a controller 
for receiving signals from detector and estimating flow direc 
tion. 

8. A fiber optic sensing system comprising: 
a housing disposed in a flow path; and 
a fiber optic sensor comprising: 
an optical fiber secured in the housing and comprising a 

Bragg grating, the fiber being Substantially perpendicu 
lar to the flow path, wherein the housing defines an 
opening at an upstream side to allow flow through the 
flow path to exert a pressure on the optical fiber and 
cause a deformation of the Bragg grating; 

a light source for transmitting light to the optical fiber, and 
a detector for detecting light filtered by the Bragg grating of 
the optical fiber and monitoring wavelength changes of the 
detected light, wherein the fiber comprises a first section 
including a first Bragg grating for measurement of a differ 
ential pressure within the flow path, a second section includ 
ing a second Bragg grating for measurement a total pressure 
within the flow path, and a third section including a third 
Bragg grating for measurement of a temperature within the 
flow path. 

9. The fiber optic sensing system according to claim 8. 
wherein the housing defines a through hole in the flow direc 
tion and adjacent to a portion of the first section of the fiber 
Such that a differential pressure in the flow path causes a strain 
on the first section of the fiber. 

10. The fiber optic sensing system according to claim 9. 
wherein the first Bragg grating is situated lower or higher than 
the through hole. 

11. The fiber optic sensing system according to claim 10, 
wherein the housing defines a groove at a downstream side of 
the first Bragg grating for allowing deformation of the first 
section of the fiber. 

12. The fiber optic sensing system according to claim 8. 
wherein the opening of the housing is adjacent to the second 
section of the fiber such that a total pressure in the flow path 
causes a strain on the second section of the fiber. 

13. The fiber optic sensing system according to claim 12, 
wherein a sealing membrane is provided in the opening for 
preventing fluid from the flow path to flow into the housing 
while permitting pressure in the flow path to cause the Strain 
on the second section of the fiber. 

14. The fiber optic sensing system according to claim 8. 
wherein the third section of the fiber is secured with the 
housing so as not to be impacted by pressure within the flow 
path. 

15. The fiber optic sensing system according to claim 14, 
wherein the housing comprises a cavity adjacent to the third 
section of the fiber, and the wherein the third section of the 
fiber has a portion having the third Bragg grating in the cavity, 
and wherein the fiber optic sensor further comprises a rigid 
cover for covering the cavity to isolating pressure to the third 
section of the fiber. 

16. The fiber optic sensing system according to claim 8. 
wherein the first, second and third Bragg gratings have dif 
ferent grating patterns and reflect at different wavelengths. 
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17. A fiber optic sensing system comprising: 
a housing disposed in a flow path; and 
a fiber optic sensor comprising: 
an optical fiber secured in the housing, being Substantially 

perpendicular to the flow path, and comprising a first 
section including a first Bragg grating for measurement 
of a differential pressure within the flow path, a second 
section including a second Bragg grating for measure 
ment a total pressure within the flow path, and a third 
section including a third Bragg grating for measurement 
of a temperature within the flow path, 

a light source for transmitting light through the fiber, and 
a detector for detecting light filtered by the Bragg gratings 

of the optical fiber and monitoring wavelength changes 
of the detected light. 

18. The fiber optic sensing system according to claim 17, 
wherein the housing defines a through hole in the flow direc 
tion and adjacent to a portion of the first section of the fiber 
Such that a differential pressure in the flow path causes a strain 
on the first section of the fiber. 

19. The fiber optic sensing system according to claim 17, 
wherein the opening of the housing is adjacent to the second 
section of the fiber such that a total pressure in the flow path 
causes a strain on the second section of the fiber. 

20. The fiber optic sensing system according to claim 19, 
wherein a sealing membrane is provided in the opening for 
preventing fluid from the flow path to flow into the housing 
while permitting pressure in the flow path to cause the Strain 
on the second section of the fiber. 

21. The fiber optic sensing system according to claim 17. 
wherein the third section of the fiber is secured with the 
housing so as not to be influenced by pressure within the flow 
path. 

10 

15 

25 

30 

10 
22. The fiber optic sensing system according to claim 21 

wherein the housing comprises a cavity adjacent to the third 
section of the fiber, and the wherein the third section of the 
fiber has a portion having the third Bragg grating in the cavity, 
and wherein the fiber optic sensor further comprises a rigid 
cover for covering the cavity to isolating pressure to the third 
section of the fiber. 

23. A fiber optic sensing system comprising: 
a housing; and 
a fiber optic sensor comprising: 
an optical fiber having an upper end and a lower end 

secured in the housing, and a Bragg grating between the 
upper and lower ends, the fiber being Substantially per 
pendicular to the flow path, wherein the housing defines 
an opening at an upstream side to allow flow through the 
flow path to exert a pressure on the optical fiber and 
cause a deformation of the Bragg grating; 

a light source for transmitting light to the optical fiber, and 
a detector for detecting light filtered by the Bragg grating of 

the optical fiber and monitoring wavelength changes of 
the detected light. 

24. The fiber optic sensing system according to claim 23, 
wherein the optical fiber further comprises a sealing mem 
brane for preventing flow in the flow path from flowing into 
the housing from the opening. 

25. The fiber optic sensing system according to claim 23, 
wherein the housing has a polygonal cross section, a tip of the 
polygonal cross section being generally directly facing the 
flow path, and at least one pair of sides. 


